Summary. The crossbred gilts studied were aged 80 days (prepubertal), 180 days (prepubertal or postpubertal) and 260 days (postpubertal or pregnant). Estimates of metabolic clearance rate (MCR) of oestradiol and progesterone were consistently less (21 and 27%) in plasma than in blood, and these differences were not influenced by age of gilt. The MCR (1/day per kg body weight) for oestradiol and progesterone in plasma was greater (P < 0\m=.\05) for 80-day-old prepubertal gilts than for older gilts. The MCR values of oestradiol and progesterone were similar in 180-day-old and 260-day-old gilts independent of reproductive state. Production rate (PR) of oestradiol and progesterone increased with age (80\p=n-\180days), and age and reproductive state differences were much more pronounced for PR of progesterone than of oestradiol. These results support the hypothesis that a reduction in the MCR and an increase in PR of oestradiol and progesterone in the gilt are associated with the process of pubertal development, and changes in gonadal steroid concentrations appear not to alter the MCR of oestradiol and progesterone.
Introduction
Studies with female and male pigs (Elsaesser, Stickney & Foxcroft, 1982; Christenson, Ford & Redmer, 1984) and the female rhesus monkey (Hotchkiss, 1983) have shown that immature animals metabolize steroids (per kg body weight) at a faster rate than do older, mature animals. In immature boars there is also a low production rate (PR) of steroids which suggests that the availability of steroids could be a limiting factor for sexual development.
Little is known about steroid metabolism in pigs. The primary site of metabolism is assumed to be the liver; however, during growth and development of the pig, it is not known whether the hepatic steroid metabolism is a developing or static process. Two classes of hepatic enzymes involved in steroid metabolism are the cytochrome P-450-containing oxidative enzymes (mixedfunction oxidases) and 5a-and 5ß-reductase activity (Colby, 1980) . Several studies of adult rats have shown sex differences in hepatic enzyme activities. These sex differences have been attributed to the action of androgens during prepubertal development. Female rats show greater 5a-reductase activity, whereas males, in general, exhibit greater hydroxylating activity (see Colby, 1980, for review) . This suggests that hepatic steroid metabolism is a developmental process during matura¬ tion and, in the rat, certain steroids (androgens) influence hepatic enzymes that are responsible for metabolism of drugs and steroid hormones. However, Christenson et al (1984) reported that intact and neonatally (35 .
Beginning 4 days after catheterization, twice daily (08:00 and 16:00 h) blood samples (10 ml) were collected into heparinized syringes, cooled on ice, centrifuged and the plasma was frozen for later determination of oestradiol and progesterone concentrations. On the 5th day, at 08:00 h, an initial blood sample (10 ml) was collected and duplicate haematocrit determinations were made before centrifugation and plasma storage. In unanaesthetized gilts, a continuous infusion of [2,4,6,7,16,17,-3H] (1984) . Blood and infúsate samples collected during the [3H]progesterone infusion were processed within 2 h by the following procedures. Duplicate 1-ml volumes of each of the four blood samples were added to 15-ml extraction tubes that contained 1 ml distilled water which lysed the blood cells. The remain¬ ing 8 ml of each blood sample were centrifuged and two 1-ml volumes of plasma were added to extraction tubes. The three 1-min infúsate samples were diluted to 100 ml with saline and 1-ml volumes were added to extraction tubes. Each extraction tube received approximately 500 c.p.m.
[14C]progesterone to estimate losses during extraction and after a 30-min equilibration at room temperature 100 µ 1 M-sodium hydroxide were added. Samples were extracted twice with 5 ml diethyl ether. The resultant extracts were chromatographed on Sephadex LH-20 columns as des¬ cribed by Carr, Mikhail & Flickinger (1971) . Minimum sensitivity of the assay was 6 pg/ml and inter-assay coefficients of variation for two pools (high and low concentration) of gilt serum were 7-7 and 16-5% (n = 6). Concentrations of progesterone were determined in duplicate 400 or 25 µ samples of plasma from prepubertal and postpubertal gilts, respectively, by procedures described by Christenson (1981) , using a rabbit antiserum developed against progesterone-1 la-bovine serum albumin (Miles Laboratories, Inc., Elkhart, IN). Minimum sensitivity was 10 pg per assay tube. The inter-assay coefficient of variation for a pool of gilt serum (10 ng/ml) was 4-9% (n = 2). Statistical analysis. Data were tested for homogeneity of variance and, when heterogeneity was apparent, data were transformed to logarithms. Data were analysed by one-way analysis of variance, and differences in treatment means were tested by the Newman-Keuls' test (Steel & Torrie, 1960 Metabolic clearance rate of oestradiol and progesterone was lower (P < 005) for 80-day-old gilts than for older gilts (Tables 1 & 2) . When adjusted for body weight, the MCR for oestradiol and progesterone in plasma was greater (P < 005) for 80-day-old prepubertal gilts than for older gilts, independent of reproductive state (Tables 1 & 2) .
Plasma concentrations and PR of oestradiol are shown in Table 1 . Concentration of oestradiol ranged from 9 to 13 pg/ml for gilts of all groups. However, PR of oestradiol was lower (P < 0-05) for 80-day-old gilts than for older gilts except for 180-day-old postpubertal gilts. Plasma concentra¬ tion and PR of progesterone are shown in Table 2 . Plasma concentration and PR of progesterone were lower (P < 005) for 80-and 180-day-old prepubertal gilts than for 180-and 260-day-old postpubertal and pregnant gilts.
Discussion
Genotype, as well as a number of environmental factors, influences the process of pubertal develop¬ ment in the gilt (Christenson & Ford, 1979; Christenson, 1981) , but the physiological basis of pubertal development in the gilt is not fully understood. Although several investigators (Kallas, 1929; Pfeiffer, 1936; Byrnes & Meyer, 1951; Ramirez & McCann, 1965; Odell & Swerdloff, 1976) have suggested the mechanism by which puberty is attained in mammals, the most widely accepted hypothesis is a change in hypothalamic sensitivity to the negative feedback action of gonadal steroids. As an animal matures, the sensitivity of the hypothalamus to negative feedback diminishes and greater quantities of gonadal steroids are required to inhibit gonadotrophin secretion (Ramirez, 1973) ; this has been demonstrated for gilts (Berardinelli, Ford, Christenson 8c Anderson, 1984). However, other physiological mechanisms are probably involved in pubertal development.
The results of this experiment demonstrate that MCR (1/day-kg-1) determined in plasma for oestradiol and progesterone was significantly greater for 80-day-old prepubertal gilts than for 180-day-old prepubertal or postpubertal gilts and for 260-day-old postpubertal and pregnant gilts. Therefore, a reduction in the MCR of gonadal steroid hormones in the gilt may be involved in maintaining steroid concentration and conserving steroids as sexual development proceeds. This study supports previous findings (Elsaesser et al, 1982; Christenson et al, 1984) which show that older, mature male and female pigs metabolize steroids (per kg body weight) at a slower rate than do immature pigs. Metabolic clearance rate data have been expressed on a per kg body weight basis to adjust the data for increases of blood volume associated with growth.
Serum concentrations of gonadal steroids in the developing pig are a result of endogenous PR and MCR and of gonadal steroid association to blood components. Although sex hormonebinding globulins can influence endogenous circulating concentrations of steroids and are species dependent (Corvol & Bardin, 1973) , these globulins have not been observed in pigs (Cook, Hunter & Kelly, 1977) . However, association of steroids to the cellular components of blood has been reported for humans (Longcope, Layne & Tait, 1968; Little, Tait, Tait & Erlenmeyer, 1966) and pigs . In this experiment, estimates of MCR of oestradiol and pro¬ gesterone were consistently lower (21 and 27%) in plasma than in blood, which suggests association of gonadal steroids to cellular components of blood. However, in this study and a previous study with boars , the differences in MCR estimates of plasma and blood were not influenced by the age of the pig or by castration of boars. Therefore, gonadal steroid associ¬ ation to cellular components of blood is relatively constant and probably not a component of pubertal development.
Plasma concentrations of oestradiol and testosterone in boars increase 6-fold from 70 to 190 days of age (Allrich, Christenson, Ford & Zimmerman, 1982; Christenson et al, 1984) and during pubertal development the number and weight of Leydig cells increase 8-fold (Allrich et al, 1983) .
During the same period of development, MCR (1/day-kg-1) of steroid hormones declines 1-5-to 20-fold . Therefore, steroid PR and MCR, both components of pubertal development, enhance the availability of steroids. A similar process during pubertal development of the gilt is assumed, based on a similar developmental pattern of MCR in boars and gilts, near equal MCR estimates of oestradiol for boars and gilts, and an increase in steroid PR. However, because oestradiol and progesterone concentrations remain low and relatively constant after 80 days of age in the prepubertal gilt (Wise, 1982) , it is difficult to show the association of MCR and steroid availability in the gilt. In the postpubertal gilt, the reduction in MCR of oestradiol and pro¬ gesterone appears to be near maximal at a time when the gilt begins to have cyclic increases of oestradiol and progesterone. Sexual differentiation of hepatic steroid metabolism has been reported for the rat (Einarsson, Gustafsson & Stenberg, 1973; Gustafsson & Stenberg, 1974) Further comparisons of the estimates of MCR in the boars of a previous study and the gilts of the present study were not made because oestradiol was the only hormone common to both studies. However, the estimates of MCR (1/day-kg-1) in boars were less for testosterone than oestradiol and the estimates of MCR (l/daykg-1) in gilts were insignificantly greater for progesterone than oestradiol.
Serum concentrations of progesterone were low (< 1 ng/ml) in prepubertal, 80 (Hembree, Bardin & Lipsett, 1969) or rhesus monkeys (Hotchkiss, 1983) , during the menstrual cycle of women (Longcope et al, 1968) and rhesus monkeys (Hotchkiss, 1983) , or with exogenous oestradiol treatment of women (Hembree et al, 1969) .
The results of this study support the finding that the MCR of oestradiol is greater in prepubertal than peripubertal gilts (Elsaesser et al, 1982) and extends our knowledge to include both oestradiol and progesterone in gilts of three ages and three reproductive states. The results support the hypothesis that a reduction in metabolism of gonadal steroids, regardless of the existence of different gonadal steroid profiles in male and female pigs during pubertal development, may allow gonadal steroids to advance sexual development. Coupled with reduced metabolism of gonadal steroids are other physiological components also associated with sexual maturation.
